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(57)Abstract: 

PROBLEM TO BE SOLVED: To extract parameters 
about the mobility and the velocity saturation effect with 
a consistency with other ET data. 

SOLUTION: As for two or more transistors different in 
only channel length, S21) the Ids-Vgs characteristic at a 
linear region is measured under two drain- source 
voltages Vds, S22) this result is shown in a graph of the 
Rtot=Vds/Ids to channel length for the two Vds and 
effective channel lengths Leff corresponding to the two 
Vds are extracted, S23) the relation between the two 
effective channel lengths Le1, Le2 corresponding to the 
two Vds are shown by a graph and the different AVds 
between the two Vds is divided to obtain a velocity 
saturation coefficient U1 from the value of Le2 for 
Le1=0. 
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2ffl©H W > • V— *HIWEVds 
0DTT% j»SafSa , r-©Ids-Vgs^'l4A $ a!J«*ns (S2 

1) o *(D&m. 2fECDVdsiC*tbT, Rtot=Vds/Ids*t 

2) o 2ffi(DVds£#JS"r£— ocomSfj^^^;i/SLelh 
Le2fc©SfifiS^v7t:au Lel= 0 ?<£>Le2<E>fB 
fr^ 2ffl©Vds©HAVdsfeS!lSCi:fc:«t t), MSfSfa 

fl*»ui#f#e>ns (S 2 3) o 
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53*85^ 1* *JUR£Le2<bT5. 
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(a) iiilgaM0Sh7>i>;**©1#f£©«t7*-' **%Mt 
3{s^£SfiU S»«9fc*fc^Tx 2«W±©H 

(b) Jfta$ftfciiui3fs^v*;i>:ftfc&fcr5v\-T\ B5ia 
(b-i) wraaiea^+^^sSs BuffiKw^f > • v— *ra 

MJ£ Vds© HfJLe( Vds ) i: U S'J©^ ^ ^ — ^ Lef f * ffl ^ 
-3^©M^ : 

Le (Vds)=Lef f+U1 • Vds 

fB^^ tut, j*8E«fn«*uisifa-r5ui«cai 

SIA 5a»#« 1 fcffi«©13tettW§S«. 
[W5RIM3] Hufi3Ul^ttHgP(b-l) 
(b-1-1) HuK2fflW±©HU-f > • V— ^IHIWEtfv 2 
fl§© > • V— ^ra«JEVdsl,Vds2T-feo-t, Cft 

£ Vds 1 , Vds 2 £ *t b T m 13 H (* £ ffl v > T # ffi £ ft & Su 13 
H§g&©{6Le(Vdsl)i:Le(Vds2)©*&£. buI3 2 <1W±©M0 
Sh^>^^^©&^rtt, ^7±©:r-*,&i: b 

(b-1-2) suffix 7 ©±T% iiufB^r— 

t-aigi-rssBSBi:, 

(b-l-3) Hui3iti^±TN Mf3Le(Vdsl)#ifSHfnt?fcSi: 
£©Buf3Le(Vds2)©fit*>£>> mII3Vdsl i:mII3Vds2©MT- 
2. Vds2 - Vdsl £f 0 & 3 i: C «fc *) , it!Jf3i&gf&ffli*2&Ul 
^»S^eSBh, W*S2t:g3«8©#14ttt±J 

[W5RIS4] Hu§3UlWtBgB(b-l) 
(b-1-1) buI3 2 f@W±© h' W > • y-^MiEA s > 2 
{!© KUY > • V— ;XfSfli;JEVdsl ) Vds2-t-&o-^ ^ft 
£> Vds 1 , Vds 2 £ ft b T ftj 13 US f£ £ ffl V ^ T j? ffi 2 ft 5 h5 13 
W${©{BLe(Vdsl)hLe(Vds2)£fflV , >T, tfc*Le(Vds2)/ 
LeWsDtmm 1 /Le(Vdsl)©*fl£> huI3 2 <@jy.±©MO 

(b-l-2) mil3y7 7©±TN 85185*— 

(b-l-3) m%m$&V>mgfrt>, iiuf3Vdsl£iiu§3Vds2©M 
S Vds2-Vdsl *m £ C t. tc «fc »3 % ityf3i£JKf£ffi{fc$t 
Ul£f#3igmi5i:> SfiH**, a*#^ 2 lcg3ffi©£Ft£ft& 

[W*«5] mil3^^^^;^tt(±igC(a) A 5 , 

(a-D BMBwe^-^fcas-j-ae^fcb-t, 

S©^#H;fc-i> 2fIW±©M0Sh^>^;**©fftt©$iJ 
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^-^satsi-f aft^sfsu mmm^tc&t^ 

X, miI3^^^>'l/S©^* s M'&-2>H5i3 2fllW.±©M0Sb 
7>^^tont, 2<1W±© PH> • V-^F^fi 
EEVds©TT-©, K W > • V— ^fSSafclds*^— b • 

v - * fssBE vgs tc n -r s z * m a sibsb t , 

(a-2) fiiil3 2(@tl±©M0Shv>^^^, BM3 2«Jl± 
© KU-f > • V— *l?a®EVds, *5<fcU\ 2fiW±©-y 
-h?J— ^ K5-f zTVgtfc:** bt, Vds/IdsT-5£8£ft 

10 ^btgltS ^SSCts 

(a-3) HV-f > • V— ^IBftEEVds, fccfctf, y-h^" 
-;U'7-f 7Vgt©V^rftt>* s tt®•ri)Buf37 :: — <^i^© 

(a-4) buI3 2<1W±© Kl/'f > • V— ^HSEVds©# 
-<?tc^bT, y— l-;t— K-7>f ^VgtA J M^SmII3ia 
Buf3*3&^v*;i/S£l¥tH-r£^ 
ttgpfc^ ^fii^-i.^ IfsRiH l &^bl»5Rifi4©v^ftA> 
t§3*©^ttatB^So 

[af5t<JH6] (c) f-^^;uS©^A s ^^S 2<1W±© 
MOS h =7 yi/KiHDtft&nmfc?— 9 *t?Mir&m^* 

vgt©M» h btcftiaf 1 fc & ©^ + ^ 

Mfitrt f ( Vgt) ffi^S f attiSB t , 

(d) ^••v^;Hfg©a7-A s S^5 2{BW±©M0Sh7>^^ 

tbtfflft^^T-DH >^DW(Vgt)$:fflf±i-rSDWa 

(e) y— hummo**/^ *>*cox, ku-o-v 

50 -^F^*JEVds, *>±Vx ^^^;i/*IWni$:fflV>feo^© 

: 

[&2] 

1 / Vds\ 

h (Vgt) = f (Vgt) • (Wm-DW(Vgt) ) 

T-St£ft5> ^— h*— ^ h'7-f ^gtCH^i: bT© 
40 &W)ig.ju(Vgt)fc7 J v=r<< «fc-5tc, huIB^^ 

(f) HuiBuifitfcBSP(b-i) T-fitm^ftfcB?i83^jefain^^ 

Ul mil3/z »tfcigl5(e)T-ife££ ft femil3^ 5 ^ - 9 b © 

ls^!(T•#^?>ft5ea^piSJSS^ mmmmt&msbm&mm 
-rz'^t-ft bt^tBb> ^ ©fa s«^ft 

tB^-rsVsatfftBaJh, &$?>{c(l^.i.> W5f<«2JEel> 

biisRia 4 ©v>rft^ti3tB6©^'tttt(±i^Bo 

HOSh^>^^^©^l!JJSS:^-rs^ 
50 (a) ?--v*;i/g©.fr#M&3 2ffli^±©H0Sh^>v^ 
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T ©#<£ * 9 ®5=- ■*• * ;H£in, f ( Vgt ) 

(b) ^*;i/*l©<fr#li&£ 2<il;UL©M0Sb7>^;* 
tbT©f+^^tD-f >yDW(Vgt)SatBfSDWffl 

mast, 

(c) h^^CD^-V/V>^>^Cox, KW > • V 
-^FflSEVds, 43 J: V, ^**;u4iWjn£fflu;fco^© 

mm : 

[Si 4] 

■=h (Vgt) -Cox -j 



( Vds \ 

•^Vgt-— J 



[»5] 

h (Vgt)=f (Vgt) • (Wm-DW(Vgt) ) 

T?«£ft*s y-b^H'?^ :7Vgt©gl2£i:bT© 

[»#E8] B58Bf Wti5gl5(a) A*. 
(a-1 ) buIB^-V *;HI©^a s ii& mJ8a 2 fiy.±CDM0S 

. y— xra*EVgsfcH-rS5*— **»S3SB8B 

(a-2) Htjg3^v^;US©^* s ^^?>itlBB2<lJi(±cDM0S 

T'VgttMbTs Vds/IdsT-^a^ftS^ffiKtiiuaS^ 
•v^fti:©*^ y77±®r-^^hutait2) 

(a-3) -7 1 - btf— ^ Y^-i TVgttt&Mt&mZ?-? 

(a-4) buI3 2<1JJJ > ±0'5'— b:fr— ^Y^-i T'Vgtt^ft 

SO^ + iM/ffitfif (Vgt)=£#ttit-?.^Sa5i:v 

[if** 9] mJfBDWtttBSHb) *K 
(b-l ) buIB^* *MI©<fr#ft& 5 Huf3 2 «W±OM0S 

h^V^^^t-DV^T, Fl/O' V— ;*ffl«MIds*t 
-7*- h • y-^flafcEVwCH^S^-^fcWSSEBSB 

(b-2) iuSB^* *;Mi©^#g& S iu!3 2 {®«±©H0S 

^VgtC^fbT, Ids/VdsT-£ll£ft£3>^*>* 
ifcttFU'f > • y-X^jSIdsg#h> iiuIB^** 
;HHi:©«S* </7 7±CD7 r -^^i:b-t*ai-S^B 



(b-3) V-Y*— f^Y^-i ^Vgt^JtS-TSHuSBT 1 — * 
(b-4) gjf3 2<1W±©<7'- h*— K5-f ^VgUc^ft 
SFiay-h*- :/Vgt©Hf&fcbTffl 

tB&B. 

i0 [WsRlfllO] MOSb^Vv'^&W^lHlSS©^ 
£ if ffi t 3 #14 fFfffi^BT- & o T , 

(1) iiuiBMOSb 7>y7^©ETr- *&affi-TS^B 
gfST-feoT. (1-1) W*«l&^b!i*il6©v^ftA> 
£§3«©#1£ttiffi!getu (1-2) §g#3!7fcv>bi»#« 
9©^rft*>£fB«©#44JfttB3£Bfc> £#trET:r- 

(2) mil3ET^-^ffl(±5^(l) T-fflffi^ftfemifBETT 1 

20 (3) BugB^^R©'-^ < £:*>— SB£*fbT> M8tW« 
fc£ <=> -o % £ M^-t 5 1 > * ;i/ n g+SSP t , 

(4) sul3 : E>7 i 5!7;i'Off@giJ(3) T-f#^nfeMite<)i-(S 

««*«3St-*©^4:> ftSM bTfluf3lHlS&(cP-rS[51 

[W5RH 1 1 1 W*iH 1 bWsRii 9 c^tn*C 
30 !3*©#f£»£Bim Sfef^ 8f*il 1 0 fc|3«J©#tt 

tfffi^s £ ;s t M3t * ft tz *mtemw.„ 

[If 12] HOS h 9 > ^ * #a»<*«f£ 
tf^t)a*ftfcjRStlHliSi:s 

Htl33*»»aiR^»3a*ftx iFBBJ(iSllaH»*»e)d«* 
ftfe3{@W±©M0Sh^>^*^^i:S:x (i^ 
huSB 3 fl W±©M0S h ^ > ^ ^ ttx S ^ C ^ S i: 
bTffl5 : -^^-'l/S©^A s S'5:'5ffli:, SVfc^^tlt 
bT©7 c -V'^;i/4i©^* s S^S^Ii:S:> SV^^3aS5:i ! F 

bt^-e*5'3s 

40 MfB^-^-^W-frA^&S^fil-WbTs 

^ -V * ;i/fiC tot 5 tt±* J 0 fi ^ * i; ©fffl©M 
©, 7 Cj f^;u*A s a^:©® 1 h7>^^tft^M 

^±±^l s •5♦ii:b•r^■v^;^♦i©^ mlBSBl b?^* 
i:Su!3^2 b^>^^^t©P^T-©rftAWt> 

LOi:, 

miI3^ 2b7>^ ©^gPffiifLRdsi i: , 
50 huIB^I h^>y^^fcHtHaSB2 b7>^^^h©M-C 



©^SCffita© ftl A Rds t , 
its 

[2&6] 

IAL | 



Lm L0 > 



Lm L0 > 



Wm LQ >. 



r 

AW 



f ARds | 
Rds i 



Lmi 



fjfB^-^ *;t/^©** s #i&sffl&;:*tLT:. 
? v * tc 5 tt±# 5 « i: v * * « t © FtS©^ 
^-v*./M@#e;*:©^i h^v^^Wt^^i 

tt±#*)Si:U'T©^-<>*;i'*©, itulBIBl b^>vX 
#tmnzm2 \-?>i/X# tcomx-CD-ftiALbs 

[&7] 

. IAL | 



Lm 



W 



AW 
r 



[0 0 0 1] 
[0 0 0 2] 

iU — ^3>#j£<ffl^?>ixTV^o 12 3 1 fcfc, [§]Eg-> 
— >3>©**fti:$ft5la]K (5*/W*) £#sjE&-rs& 

^-^sawr*-*. a-^u-* (»^#) a:, ma** 
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tVn'-T ^©IS^i; 7 -y — y iff S d t £. 
[0 0 0 3] i»(DDj;'^T;H7©iS^li, # 
1ii#msfc&oT^SJlft©SPiCE^5 ; ;uK.fc>i;-3 

^fce^o^sfcrnsAnfe^'j >^ ?tzt>%. v 

—7, h-(worst)/^ Mbest)*^ 1 ; >trtfiftt>tl?>o S 
/0 PICESfflV^ 1 ?-;* h/^X htfU >^T:fc)U ET(E 
lectrical Test)^-* 1 t» < £«Ekfto 
TV'S,, 

[0 0 0 4] C©^?£T-(i, SK^OWHSCH - *-*?*-* 

So *UT, AftSft&ET^-**^ SPICE^t^I/C 
4i t; -5 < f 5. a. U— > 3 > Srglff -rs©££>gi: £t\2> 

mew? tfoznz'^ j-—t>m^£&8k$ti 

fei, @ES^^iU'-^3>* s ^ff$tiao ETr-? 
it, SPICED fc©#/fctttt#TUfr?&5»£#9 

5SB#H-r-fflai* s 'si#gT-fesi:^ow^* s feSo 

[0 0 0 5] ig? #M0SFET (M0SS«^* f-7>^ 
f>) let, ETr-^i:bt, p^<ft«mvt 

*) fflm^nso 03 2«i, cn?)©/^^-^® 

3» X^©^?Si:UT©7 t -V'^;uft (vx^S) Lmi: s S^, 
iLlT> 5=--v^;i/">3-h->^DLi(S^$nSo -T^: 

DL=Lm-Leff ••••(elX 

T-feSo 

[0006] m^=&B&-rs* s . iBjatx ^x^©^-?£h 

Qt8h^-ir^i/M) Weffi:©Mi:UT> 
40 DW=Wm-Weff ••••(e2), 

•ess. 

[0 0 0 7] V-X«8ISSi; KU"f >«8BDD©M©£iS 

^gpffiin»dsi:©si-e#ie.ns. v— xmsiss*3«fcv 

©JSfiiii&^AT-v^So irti.t>%. ±t&tnZKtotttZ> 



50 t. 



Rtot=Rch+Rds ••••(e3), 
^-\**;UffittSch#*^fc«K B5T?tt&^. b*> 

[0 0 0 8] 

mmwm&iis&otirznM] b*>b&#^ mosfet 
rMx-mm-r^ma, f£*a&nT^&a»ofc. 

tt, W«¥10-2130199 (WT, fcfB 

tts ^¥10-239148-^ (WT> &SK2) fcffi«£ftS 
b&A 5 ^ ^»S/i*5«tlFfa«i^*Vsatfc:BlbT{±> {til 

cd^ ^ ^ - * h »& b fc^T-ffl m ^ ff ? & n 



(5) ^gi 2001-35930 

8 

[0 0 0 9] £»K//CHbTB^ ciifctttiU 

■rsttaWStfftSi: bT> Monedai£#t£&«fc bmbtiX 
<^£ 0 MonedaS^-3V>-C(i> F. H. De La Moneda, H. 
N. Kothcha and M. Shatzkes," Measurement of MOSFET 
Constants," IEEE Elect. Dev. Lett., EDL-3(1), pp. 
10, 1982 (fclTv &f&3) CIB^Sfvt^*. Moneda 
i£T-J±, ^tt/K/zC^^l/^bT, O^CD^id)* 5 ^ 

[0 0 10] 
10 [ft 8] 

AO 



(1) 



20 



Rt 0 t=Rds+S^9+ Vgs _ vth - Vds / 2 



i+e(Vgs-vth) 

[0 0 1 1] CCT% Vgsfcty-r • V-^H«ffiVgsf 
/zOfcfc^-h • v-*H«mVgs#HttWEVthfc: 

& o 

[0012] z(Dt%, ±m,mtout, -z>$<dmz)x- 

[0 0 13] 
[ft9] 
1 

(2) 



[0 0 14] *SBu -ognMVx-^ 

[0 0 15] 
[ft 1 0] 

S . Lm— PL (3) 

«0-Cox -Weft 

[0 0 16] /i?*—SrCoxtt. r- ttHJJtO 

KD** XX &2>° 

[0 0 17] ^«J«>a©WltBtt> &(2)lzt>t-3^X, 
\>xf<o^m -=> X ff t>tl 3 . 

Xgl : f t*^/fifl)»i!68aacD (MO 
SFET) ©j^a^C*5»tS KL"f > • V— *IH*8£Ids 
. v-^lffl«ffiVg8«rtt (Ids-Vgs#tt) £iBJ5£ 

112 :§h7>^^t:#Lt, i3 3^tJ;9 
C, Rtot-l/(Vgs-Vth-Vds/2)*W4fc7'nv rU «S7 
>f y^-f >^^ff Vdstt FL"f > • V— XlH«JE-e 
&S. c©££. ifi^©fi£fcJ:, ^(3)©Slcti^ U IK 
WtOjttt, 0 -S+Rds (=R) ht£Z>o 
Xg3 : XfH©^*^ 1213 4&7Ts-?&0^. S-Lm 
fftttfcT'n y h it, Sl7-f vr-f 5. -© 

ht, ifitt©«Sttx l/(//0-Cox-Weff) (=C)i:& 



4 : Wm=Weff U Cox= eox/Toxi; Lt, Ifi3 
©jfcSSa»e>. /zO£Tox/(C- eox • Wm)-t-^^5o - d 
f> eoxtt, **/v>*>;xCoxi;l/Toxi:©|H©it0yfli 



Ig5 :lgl©gS*?>> 03 5#^-r<fc?£, R-S 

[0 0 18] U±©<fc?t-. Moneda^T-{±, &W)g.U^ 
B8bT-«0*<bft(g«U r • V-*HI«EVgs 
*spafllSffiVth©j£^Cfe 5 i: §©5=- -V 3 — h - 
30 >WU ^aSffitnBds, *J«fctf, »«^Clt5^7 

/-^ao, 0<£tttB-r5o ufctf-st, x&©&»jK 

#tRds©»ttJ£fT 5 - fctt-eSfcl^o 
[0 0 19] j»K«afP3!»*t:M-r*«e*«»©ttHiaK 

[0 0 2 0] 

am 

^ J Lef f+U1 'Vds 

/SO ~ juO-Cox-Weff 

[0 0 2 1] ZZX, UlttlSftiae^ftT-feS. 

[0 0 2 2] j$JSgaf0^©tttB(i, SC(4)tt»fc-3v> 
t, y.T©^liB^^&-3TfTton5, 
Xgl : ^-^^^ft©^M^i»^ft©b^>i ; ^^ (MO 
SFET) ©*^««C#tt* Ids-Vgsftt* 6. 
Xig2 :§h7>^^t*fbt, /30$r (Ids-Vds^ 
©{®^©e^«) /Vdsi:1-5o 
Xg3 : B3 6#7r<-rJ:5£> 1 //J0-LefmSSrD 



(4) 



(6) 



mZ&, 1 / (AO • Cox • Weff) (=A)T-*S. Sfc, 
KMlllWtf-ttx Ul • Vds/ (/zO • Cox • Weff) ( = B)T-fe 
3- 

IS 4 : Xg3CD|g*/>»€., SJKf&ffl<&!&Ul£B/(A • Vd 
s)T*#^.?)o 

ccD«e**asT?tt, aLKiSHnwstuiau METf-? 

5*>ftTV>£o 

[0 0 2 3] W±©«fc5i^ f8£*CD»»KAt*«tWiajK 
f^»^©ffi(±l#i£T-(£. yt^-^DL, Rds, DW^© 

[0 0 2 4] £©$BIBSU t£3l5©fit^£:fcttS±83bfc 

mm^mm-r s & & k & * ftfc t» ©t% mosfet© e t 

-3T!lSK©iav>^i i F(ffi^°I*g^t-5^t4aai^S*5J: 
tm£§¥fflSi£e&?#S-fc£lWfcbT:}3»K 
cft£©^a£^T§^£ftfc^«*^Bv &e>t>* 

[0 0 2 5] 

[«H*»*-rs&»o*a] SB i ©sfii«©ssBt±, ho 
s b =7 > v 9 comm&m&jm z B«-r * * * - $ & 
jfttB-ra^am^e-cfeo-r, (a) mtmosb?>v 

£*f-rSfluHBMOS b 7 >^^^©^^^*^* : &tttti 

-rsn»^-v*;i/S»tH»kx (b) wtB^nfcHtifB^ 

£.-3^X, flufB^;*— *£*fcBU * 

©flis^-rs«^srm*»-ri»'^^-^»aiSBt, * 

[0 0 2 6] 2 ©$BH)!©gBT-(i, sf§ 1 OftWCOFf®. 

mai&m.^ti^x, nrm^?*— fw&s&co) (b- 

1) Huia*»^-**^ftfts fiJEKl/-f > • V— *lffl« 
£EVds©giaLe(Vds)fc U *J©-H7.*— *Leff SfflV^ 
T, o£©g|& : 
[0 0 2 7] 

rju 2] 

Le (Vds)=Lef f+U1 -Vds 

[0 0 2 8] *{frfet : hz£lz&t), flufB&JSf&*na!j* 

wt-suissttiaK zmzzo 

[0 0 2 9] m 3 ©S8SH©SSB-ett* $ 2 ©aMB©«HS 
»tf«Bfc:|3HT» mJf2Ul»ttia5(b-l) *», (b-1-1) flu 
!32(iW±© b* > • V-^fSSJE* 5 , 2<H©b'H' 
> • V — * RSttEEVdsl , Vds2T* tb^X, Z ft ?> Vdsl , Vds2 
t *f bT flat 3@S<£ £ ffl v>T J?tB $ ft 6 Aug3H2&©fDiLe( V 
dsl)i:Le(Vds2)©ffl§:, S5f3 2 fflW±©H0S b 5 > 
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^©g^rfctc, ^^7±©5=-^^i: {sxmm-rzgi 

W&£. (b-1-2) itu§2£ r 7 7©±T\ AuIBt 1 — 
^Si«i!ia-e«S-rs^gSPi:x (b-1-3) flu!3ifi*§Lt-?:, 
flut3Le(Vdsl)##*J-b? d T-fe 5 i: §©miIBLe(Vds2)©ft* i 
, AulBVdsl fj|BVds2©^T- & £ Vds2 - Vdsl £ §>J 5 C 

[0030] sM©S6i»©wcfcj\ * 2 ©awi©**!* 

atBSB{C*JV>T, AuSBUiat&aKb-l) #x (b-1-1) flu 
J0 g32<lfcl±© > • V— *H«E*^ 2 f@© b* L"f 
> • V— XP^«ffVdsl,Vds2T-$.oT, dft P>Vdsl,Vds2 
t^bTflufBli^*fflV>TSttti$ftSfluf3SI?S©fitLe(V 
dsl)£Le(Vds2)£fflO-C, Jt^Le(Vds2)/Le(Vdsl)i:$[ 
&l/Le(Vdsl)©ffi£x flu§3 2<itl±©M0Sb7>^^ 

^ffl^r^c ^5-7±©7 r -^^fc b-r«s-rs^ 

gg|5h> (b-l-2) flui3^7©±t-s AulB^— #&.ZM 

^mmx-mMT^msat. (b-1-3) flui3K^©iki^ 

*> , fltitBVdsl hfltjI3Vds2©^T-$» £Vds2-Vdsl *m % 

[0 0 3 1] i5©«B|©gtT-tiv SfU&^btg4© 
v>-Tft*>©#6W©#tttttHSBK:*^Tv fltlSB^^^ 
^.;i/ftWagP(a) ^ (a-1) fluKffl^*-^ 4*^5 
fi^-i:bT, ^-^^^©^^M'&S 2<itl±©M0Sb 

5 > y ^ 9 ©^©m^*- ^ * mm.-* & * sis 
u ^mmm^bt^x, fluiB^^^^*©^* 5 **: 

S fluBB 2 <!fcl±©M0S b7>^X^'{cr^V^•C^ 2 <lJel± 
© b* W > • V— X^SEVds©TT?©x b* U^f > • V 
-xH*^IdsMy-b • V-*IS«EEVgstc|ir*-5^- 
50 S^eastv (a-2) flUIB 2 f@W±©M0S b ^ > 

fltJf32iHKl±©b*b"f > • V-*iaa;jEVds, *5 
itb\ 2<@W±©y- btf- ;s K7-f ^Vgttc^-bT. V 
ds/ 1 ds T- £«S $ ft S ^ flulB^ ^ * t © £ 

y^7±©7 r -^^fc \.xmMir zmmsat. (a- 

3) h'N > • V-^H«mVds» 43<tl>\ ^*-b*-^ 

fflSUK, iS«TfaS-rsSSB«4:x (a-4) flti832<l 
tl±© K W > • V-^^«£EVds©^^tc3sfbTx ^ 
— b*-^ K^'f ^Vgt^M^SfltiSBit^ifa b©^ 
40 *>£x flulB^^^^^ftSrfftB-rsSSaJi:. 

[0 0 3 2] t&6©#P£©$SefciU ^2^v>b^4©vi 

-rft^w^B^^ttttm^e^^^Ts (c) 3^*;^ 
(Dfrfitrntaz 2f@ti±©Mosb^>i ; ^^©^©as 
^-^^^•rsd^^sfibx ^^^I^{c4.i:^v^ 

T> 7Vgt©MISi:bT©#fa^ 
!3©5 : -^^>'H6tn;f (Vgt)£IStB1-£ f 
ftffiget, (d) ^■+*;i/B©** s **4 2f!fcl±©M0S 

50 U £&m^£.t>£^X, BulBy- bd"— Y9-i 7 
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Vgt(Dm%Lt UT<E>^*;i^O W >^DW(Vgt)SftttJ 

■r«DW»m8Bi:* (e) y-h»«K©*-wv>*>;*co 

[0 0 3 3] 
»1 3] 

1 / Vds\ 

_ r . h (v i t).c.».^.t— g-j 

[0 0 3 4] i3«fct>* 
[0 0 3 5] 
»14] 

h (Vgt) = f (Vgt) • (Wm-DW(Vgt) ) 
[0 0 3 6] V—Y*— HY?4 7Vgt<D 

W»fcbT©»»S/t(Vgt)K7-f srr-f V^-T* 
ic, Huffi-'^^-^S^f S>tt#tBg|5i:> (f) B583U1 

[0 0 3 71 17 ©IBWO^BHU MOS b 5> >i>X*ffl 
fc-^-C (a) T-^^Jim&fo&mteZ 2f@fcU:©M0Sb 

tfit (vgt)*amf sf wmasiiv (b) *-**;m©» 

timteZ 2flU2l±©M0S h v ^^©^©^J^— 

>^DW(Vgt)StttB1-^DWtttt5gi5i:> (c) y-h 
*6^JSg©*-W^>*>;*Cox, Pl/O- V— XIH»EEV 

[0 0 3 8] 
C»l 5] 

1 / Vde\ 

- 7V - I7=h (V g t).Cox.^gt-— j 

[0 0 3 9] #<fcl>' 
[0 0 4 0] 
mi 6] 

h (Vgt) = f (Vgt) • (Wm-DW(Vgt) ) 

[0 0 4 i]T-*$^ y—Y-x—rtY^jzntUD 

[ 0 0 4 2 ] SB 8 ©^©gSBT-tt, IS 7 (DftW<D&& 

ttmse* $m* warn a) v. (a-D awa*-**;ni 
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EVgstcHI-S^-^^fS^fiSB^ (a-2) itufB^i* 
*;i/S©<fr##l& -SiiiJfB 2 <lfci.±©M0S h7>^i», 
££t>\ 2f@ti.±©y— h*— MF^-f r^Vgt&cttb 
t, Vds/IdsT-^^ns^ffita^mJie^^^^i/fti:© 
ISSn ^7 7i0f-^)Si: bT*3S-r2>^SgBi:> (a 
-3) f— h*—>* * 9 4 7Vgt1fiPim-§rZ>mffi7 : —*& 
(DM-SZis (@S'Jtc> (a-4) ffi 

13 2 fflW±©y- h aJ-- >t K7-f ^Vgtfc **i*ft**jfi 

;o -rsHuf3ia«a©«**>e>. mmy-v*- kyv4 ^vg 

t©m$ci: bT©Bu83W4H^^^;i/Safc?)©^> 

[0 0 43]I9 ©^©^BT-tt, £ 7 * fctt£ 8 © 
^B^©#t4ttffi^S^ Suf3DWaaigl5(b) tK (b-1) iiug3 

^^m©^* 5 !^ §Huf3 2 (iy.±©M0S h v 
i'to^t, fu-t > • v— ^ra«^ids?ty— h • v 

— ^RBWEVfesKH-r-BT*— *S»S«B«i^ (b-2) 
Huf3'^^^>'Hia©^* s M'5:Sii)l3 2f@W±©M0S h 9 > 
i^X*. J3iv, 2ffflW±©y— hrt— AF?^ ^Vgt 
£0 &c*fbT, Ids/VdsT-^»$nsn><$'*<7^>^tfctt 
FH> • v-*IH««Udsg#4:, mllB^^Utii: 

^^7±©7 : -^^i: bt*a-r**fsapi:, 

(b-3) Ftf-M F :/Vgt##«-r S Baffin— * 

^©*^S:s Daa-e*a-i-4*«»iix (b-4) 

HUS3 2 fIW±©y— F YU TVgtlC^tl-etlft 

^&-rSH^il3ia^S©^ 3^*;i4I£5rrffit§W©^*ta> 
<?, wiHtf — hsf— ^ K ^Vgt©H»h bT©Htil3 
^^^;b±o— f>yDW(Vgt)<&»m-r?»^ggi5i:> * 

fit X. So 

50 [0044] il 0©*W©^Bttx MOS h =7 yVT.*? 

z m -f s ii ssffl nti. * mm -r s iwfffiBiiB r- o t , 

(1) mif3M0Sh^>>?^^©ET7 :r -^$:fflaj-rs^S 
gPT-fe^T, (1-1) m lte^lsm6<D^^-?tlti>(DftW<D 

B^©^t4tttB^gi:, ^tsET^-^mmmt, (2) 
HiJSBET^-^tttii^d) T-WtB^nfeiulBET^-^ 

sttm-r?.ijER7>7>*fa5i:v (3) Bwa3aLa*»©a>&< 

40 !5, HtJf3ET^-^t»ttf-a<]{Se,o^^M-^-r?) ; e>7 i 
*;uDtt»gpi:, (4) iu!3 ; e>^*;i'D|t©g|$(3) ff# 

t> BaBBiHiaswfiR-j-ssn^cDiHfiDfifiaafeWfcBi-r** 

[ o o 4 5 ] £ 1 1 (Dmm*mmim±, m 1 b 
£9©^-rnA^©^©i^{ttttii^@, ^fett, ^io 

50 [ 0 0 4 6 ] £ 1 2 ©568^©ifi2gi^B(±, MOS h?> 
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[0 0 4 7] 20 



1 7] 



Lm L0 > 



Lm LQ > 



Wm LQ > 



IAL 
r 

1 
r 

AW 
r 
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Rds i 



Lm i 



14 



[0 0 4 8] T•-^^^n^^^W?Sfe^tlTV^^o 

2 V^>i?X#£<DmX(DTix&W£, huIB^I h^> 
;i/ScD, iulBlgl h^>^*hiluf3lg2 h^>^*£ 

[0 0 4 9] 
[?&1 8] 



Lm 



W I 



Wm 



W I 



IAL | 
r 

AW 
r 



ds=- 



U • Co x *We 



[0050] "e^Afens^tfai&stiT^*. 

[0 0 5 1 ] 

[»ra©*Jfc<3Wfc«] 1. ETr^«. SPICED 

ffl^r, ogp©ac(5)*fe«:a;(5a)-ei3iE*nSo 

[0 0 5 2] 
[ftl 9] 



Left 



ds=- 



# • Co x *We 



Left 



f f / U1*Vds' \ / Vds'\ 
-( 1+ -L7fT-j (Vgs--Vth-— j.Vds" 

ff/ A*Vds' \ _1 

2Vsat «Lef f J 

/ Vds'\ 
xfVgs-Vth — ]«Vds' (5a) 



[0 0 5 3] WJEOCDi^C, SPICED A'Ett, ffitfc* 

S. ig{S£©^-*3>-Cfci\ st(5)*&ttiC(5a)K:, 5^ 

[0 0 5 4] aft&fa»j|ttt % 5$(5)T-«j&ggSW0ig£U 
l^jibT^Afr'atU zC(5a)T-fc):§&*n&gVsat£« 



SJEVgs*>?>, V-*«S^/2fc£l:S*flE»Tfta 
5S(5)Sfci±5£(5a)K;ta;t.T, ^$}g#ERds£&# 

Cox=£ox/Tox (e4) N 

lC«t-3T#Ae>ixa. Lt#ot, M0SFET© ETr-^ 
i: IT, »m&v* >;*Cox (*fcB\ To 

jgVsat) » ^SM£mRds*stttB$ni>i:^V>o 

[ o o 5 5 ] m 1 bu #.ftm<Dmm<DMm<D e t^-* 
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1) ^ ^^^;U->3-b->^"DL43«t^g)5ffitrtRds© 

[0 0 5 6] EUCWPtt* 3fl6l±Oh7>^* 
(MOSFET) <Z)mmMi$.t tStf&l ds-VgsiHf'll C t ~3 V \ 
DL, DW, j&gfi&ffl3!j*, *5«fcV> Rds©»tB# 

OHiCB, ^-f^l/ft (00*. tt ©^tfll&S 

5 2Ifflh7>^^ («F^1. 2) fc % vx^ftLmtf 
2,3) WJ^Sntv^. -r«ct>*>, 0 2(1 ft'J>© 
Tn tS^wrii**?-**;!/*© h7>^^CH« 
*k:Bi-r67 :: -*£iib-<:v>3o 

[0 0 5 7] iifcv Ids-Vgs^t4i: bT> 
— *ISSffiVdsAW=££ 2ID©^-7"r- * (Vgs£ 
^ - y b fe i: % K m <b ft Z> I ds-Vgs© mi& £ 7jk ? t^— 
a s «VMDft3 0 

[0 0 5 8] c©£?fc> Hfi£©ff$«g©7j&T-fciu 



A 5 , Sv>£g^bfcfl2&-eiftm;*ft3. c©feto, *»JK 
©iSi^ET^— ^©ttm* s fft?nf#-g>o tiTic, mi© 
*^7 i v7 , c*»s«im©*i6C"3v^-cattw^*o -ft 50 

^©^t^^t"©^^, y7S 1~S 3C*tb-rfcfc, 

Ko^rttxiK 1 izmm^titz^m. * ?s 3 k-d 

^Ttt*lK2fcffifteftfc#iSJ&^ MJK&Sto?>±T-^ 
{C*^T-fe5o CtlCWLtv Xr^7S4, S5ii, 
*jUS©^ffii-^W^7j^T-^fT$tl5o 
[0 0 5 9] 1.1. Vth©fftfcB. IBtiimEEVth©ttffifc^ 

WiST-tts E13©y^7* s ^t-<t3^, — 5£©Kb"f> 
• V— ;*RgmffiVds©TT-fflIds-Vgs^ttA s SiJ^£tlS. 40 

> • V-Xia«KVdsi: Lt. 09;tfc£> Vds=0.05 
V&if©<EWI* s jIfc£ft6. €LT, f#?>nfcffl«R±T- 

tOtf-^bT, Vth+Vds/2, #f#e>ftS. Cftfcfc, S(5) 

# x Vth+Vds/2s lz58:^£glz&, 
^SSSIdsA 5 , (Vgs-Vth-Vds/2) CJt^tS; 
«to"C^ tg$a-3tt?>ft£>o > • V— *f?3SJ£Vds 

fit* 8E«nf e*fcbT» gg{fi®JEVth#f#£ 

ft*. 50 



[0 0 6 0] ®^*tC*3^Tfe> -^© h'H>- V 
-*MmffVds©TT-©Ids-Vgs#tt#$J;e£ft5o * b 
T, E4©</^:7#7r^<fc5^ ^fl8Atf«»W 

jc^«>e>ft, -^fSAtM-rs^-b • v-^p^mavg 

sffl«i:bT, WfiifiKVth#f#e>ftS = flSS«u£T?lix 

[0 0 6 1] 1.2. DLiJiUTtdsffliStB. ?->r*)Vi/a — 
hdV^DL^i^aJffitrCRdstt, t*-**;!/*©**** 

2fiULt© h 7>^^4M^t, ^MfS^©Ids- 
VgsftttfrfetttHSftS. iMg>ftU*£:ttx > • V 

— jxF^smvdstfigv^^KK^-rs. -r^fc*.s t^-v 

^.;i/«©^i s M«:S 2<Htl±© h7>^^CBbt, 
fgV->— ^© F W > • V— *M®EVds©TT!, Ids-Vgs 

Rtot=Vds/Ids ••••(e5X 

2iti±©h7>^^t:si/t, — ®fm±©y— b 
s. 

[0 0 6 2] 0 5t*SV^Tx ^Vgt(i, 
Vgt = Vgs-Vth ••••(e6), 

t?S«$h, y— V*— >1Y"7'(-?kMZ1xZ>° 115 
tix 2<l©b7>^^^i, o£*fb-^ Vgt^iWgt 
+ <5 Vgt©^o©f( C *T 1" S Rtot h Lmh © © M% & m b 
TVSo HI— ©VgtC*f-r5#l&£ h^>^^^©SiJ^ 

t, sj&svgtc*fii&-rs«»©iaia©SEja* j x ^seffi 

tn»ds©ffliJ^f»Rds*, i3«tlF, f'-V^U^ 3— 
DL©?HiJ^fiDL*{rffi^-r?)o COJ;atlT> iBJ^fiSi: 
bt ©RdsiS kTFDLtm Bh LmttgE^OT-fe S A 1 
e., tttB^tifeDLi:iC(el )h{c,t-3-r^ H^-v*^ 
*LeffA s am^tl?>o 

[0 0 6 3] T^^^^ffiJaRchB:, Vgt©HS(i: bT©<£ 

m.f (vgt)*ffl^r> 

Rch=Leff • f -"(e7), 

)imn*$m-rzo bfetfo-t, ^(e3)*^?>, 

Rtot=Leff • f +Rds ■•••(e8), 

Rdst.-lB!t:Vgt©ii»-e»4. ^(el)4oit>- 

*^ai©i«©ratfct, c©»»f ttx ^iE-rs^ft; 

[0 0 6 4] O^S^mtlTW^t^Ch^V^^^T* 
it, ttffi£ft£^3%7^*;i/ilLeffyu K U-f >«#© 
^tc«t'5> KU'f > ■ V— ^IBI«£EVdsC^S<4R# 
n„ Vds©^SS:*l^bfcVds=0f©^7 t ^^;i/ft 
LeffSrff -Sfctts -3jf©J:5a:3!rtt#*SftT»*. 
n fc Vds© T -C- ttH tB ^ ft fc * * ;i^Lef f ft Le( Vd 
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s)t1rZt, Le(Vds)fct o#©5$(6)T--5-;l e>*i5« 
[0 0 6 5] 

Le (Vds)=Lef f+Ul • Vds 

[0 0 6 6] IfcibT, t-'l/O - V-*FiS®flEVds 
*23i!3W.±©ffilc^b-Cv -tft-eftfc-owt, Le(V 
ds)*JrttB-*-*;:i:K:«fc^ 0 6ffl^:7#f#e>*x.5. 

a(6)*»&a>m#n&«[tt, 0 6©^:?©±t\ ata 

J»5=-V*;ufiLeffA«»tas*l*. ^(6)^-r«tac, 

h 6 ©&«©<&&& Maigin^isunctB^t-Sc, c© 

[0 0 6 7] 1.3. DW©fftttJ. ^>^.;U^-D— -i >{m 

it, 7^^;i/*I©<fr#M$:S 2fflj^±© hv>>i?z.&% 

£>*>, 7^*;Mi©*#S$:3 2flSJW±© h^>^^^ 
tillv -^©f£V^-h ■ V-^HSJE©TT-> Id 
s-VgsEftttfWS * *l 4 . I* 1/ >f > • V — * P^*mids 20 
f±, 

Gm= Ids/Vds (e9X 

[0 0 6 8] ^©iiSHI, 17tfStJ;9^ Gin-Wm©|| 

(*fc«±x Gmfeffl^-f Ids-Wmfflll^©&©) 
£\ 2f@y.±© h-7>^X^(CB8bTs ^77(:atC 
ttfflS. (si— ©VgttcMf S^'SS >i^X^© 

S-TSo C©J;^(CLT, *£fthbT©DW#«itb;*ft 
5c *BttK»l"Tfft4*»6, «Ui$nfcDWtSC(e2)i:K: 

[0 0 6 9] Ito&ZtiZrvx-Jl'i-a-'f >£TWy\ - 
jKt£tt. V- h*—;* h* ^Vstfctt*-r5H»W(Vg 
t)T?&5. y- h*-/N* rVgt©»#^»K5bfcV 
gt=0T-©H^ + ^;i/«Wefffe5V>{±^-^^;i/^-D — 

h 

f ~ Wef f 

[0 0 7 4] bfe#oT, ttJtH$nfeH^^*;UtBWe 
fffc&ftf {$fth#»m£ft5o WRhtt, - 

ft*. S&tc, 5£(e7)*>?>, ^**;i/JStftRchHU 
Rch=Leff • f =h • Leff/Weff ••••(elO) 



[ft 2 0] 



(6) 



2<fflW±©Vgt©fi6, 09*tt x Vgtl*3«fct>-Vgt2tC^-rSG 
m-Wm©gS<&£f#Shm^ *iifcJ;»K *ft*ix©artSl 
(DffimWKtLTDWt&mZtlZo "f VgtlfC*f 

■rsDwh bTDwiasjfttusft, vgtzizM-tzmt vrvm 

[0 0 7 0] £©J;3fclyTttffi:S:h.&DWfcVgt©IH© 
m&frb. H8oy77#»5)ns. DW-Vgt©Blf^&it 

it), -£©iK£W#K-©{BDW* i: bT> 

;i/^-D— ^ >yDW#f#£>*iS„ f#^tifcDW{i, 5S(e2) 

l5»^**;i/«Weff^fcftjqt-*-* 
[0 0 7 1] 1.4. A©»m. *3Uli©©JBC 

a&^„ ^i&jKA^ffltB-r«{ctt. *-*\ ^f^rsi 1 

{Cj3V>Ts ^^^;!/S©^* s S^-5 2<SW±©h7>^ 

(0!l£fcf^ *;HS©Sv> h-5>^^^Loi:, 7=- 
■v^>;u^*s^i b^v^^sh) ^--\-*;mi©*a s 

2<1W±© h7>^^ (08*. tt, h5>^^ 
Lot, j etl.t?) i fe7 e -^*;i/eA J ®V> b^>i?^^Na) i: 
C"3HT\ «aS««T'©Ids-Vgs#tt*sill^$^5o 
©iSg^v 0!li«2fl© h^>^^^Lo,ShtMbT, El 
5©^57*»e>ii5. fhtJ;!), ifttt©«*i:l, 

t, ^;(e7)T-^a$n5«ftf **«a*na 

7S12) „ «»ttt, -SSfc, y-ht-;H-7-f7 

vgt©siftf (vst)-ea«*n*. mtf2«© 

h7>^^^Lo,NatHbT, l2 7$Zi«ia8©^'7 7 
ftfc LTCDftWD->f >^DW(Vgt)*stt(±i$n 

•eftt.ttK sua^-^*;i/fflWeff(Vgt)* J f§ e>ns 

U?>>7-S 13). 

[0 0 7 2] ffiftf 4>6, ■3g?©SC(7)Cj:o"C««h 

[0 0 7 3] 
[ft 2 1] 

(7) 

■eti^ns. c©iC(eio), ij«ttF, st(5) 

(5a)) *e>, ogOS(8)WM. 
[0 0 7 5] 
[ft 2 2] 



•^h •Cox(Vgt-Vds/2) 



(8) 



[0 0 7 6] *-WV>*>;*Coxi;bT, Moneda?£©t& 
WOf'CttfciE'ifc, o^©^(ell), 
Cox=£ox / /Tox (ell) 



50 



nm&ztt^-r scttftgs. ^©«g 

*s 01 0^1-i^tC, ^C(8)^Ct)i:C5V^T, 1/Xf 
-Vgt©H»S<77 7tC^1-C^d5T-?So HOC* 



(11) 
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<^T, 3C(8)Cfcfc-3<ISfffc«ta«Cjj* 
bT^-So 

[0 0 7 7] SPICE^^UfJi, 5$(5)£*:t±5S;(5a)(C^ 

T-|3a>-rs^7 ; ;L'S:fflOS-i:#T^5o o^©5£(9) 
fcJU l/,u£0&j!>>e> 2&©^£*£T-ffl£lT-Stgab;fc 
0J£^bT^So .r©5$(9)T-tt, /z©Vgttt#1SBu 3 
ffl©^-7*-*U0,UA,UB-Cgi3££ftS. /^;<-*U0 

UO 



20 



tt> 0&i£<l)lT-©A©ffiC*fJ&U «JMy#4£b>ffitt 

*£;*££gab"C^5o 
[0 0 7 8] 
[#2 3] 



1+UA(Vgt+2Vth)+UB(Vgt+2Vth) 



(9) 



[0 0 7 9] Ell O^ti^C «Atf3C(9)&3i3B 
tS««C2#, a(8)tCt)tt3<ft«CUC*t,iE< 

;l^.*-*U0,UA,UB©tt#atii3ft5. CftJcitK W 

(9)£i>^T> *ul*awWfl9KHfoK:H3t1-*i 

[0080] w±©*»*x«©aac*v^Tfflv^ 

6*l«flHRftt, ^r^7S4 (01) ©<fT-»ffi£ft 
> $DL*5 <fc tffttf&ftttds 4: |B]B# tcttUS ftT 4> A < % 

ff{c-p^T*v ^t^t's 4 ©if -ei&»TttiH?ft*«& 

Btt«t<, *5ryrS3T?ttffi£ftfcttfc*©**fll^ 
5^ttfflttJ^M (02 4) tt, £©3*b^BJfitC*fJS& 

b-rv>§. 

[0081] i.5. mst&sammaMtii. mi i©^v 
Le2=Le1+U1 -AVds 

[0 0 8 5] CZ\T\ AVdstt, o^©5£ : 
AVds=Vds2-Vdsl ••••(el2) 

[0 0 8 6] bfctfoT, 0 1 3 #jfs-f<fc-5 C, Le2-Le 
KDmi&*7?7fcmtt, WIMWKifi, Ul • AVdstCtB 
a-T So 01 3 Ctt, 3<@© h7>^^C»t5r- 

* £#115**0:^5. bfc#o-t, 01 3©«&wzjk- 

£, AVds (0J;l«, AVds=0.1V) d tt «fc 

iiigfaffi^isui^auj^ns (01 2©^x>^^s 

2 3) „ &:fc s Lel=0C|BiM-r£Le2 (=i^ttW)t) © 

XT, 0 6 #7fx-r Le(Vds)-Vds©S5^S</7 7 

A UO 



Vsat = 



**ssw±fc9fi*4i:, a«vttiaip-r4«i?i&^ 
-To j&Kv©ts*n{fi#, tawaavsatr-fcs. t-cfca 

sat£SbT, Si(5a)T-tt> &&$mi%mi&mtx£i 

[0 0 8 2] 012it *IOK©JB!Bti3JtsajKISWn 

SJVT, ^-^^©^tfUfcS 2<@W±© h7>y7 

JEVds©TT% Jgl!1g4ft-? © Ids-Vgs«rt£#ai« $ ft 5 . 
fl&JxJi", KU-f > • V-^K«JEVdsi:UT, Vdsl = 0.0 
5V, fi^ Vds2=0.15V#jBJR$ft4. 
[0 0 8 3] *©*£*, 2ffl©Vdsfc»UT, 05©^ 

77ffi^, ^ft^eft©vdsc*tbT, natr^**;!/ 

SLeff#«tti;*ft-5 Ur^7'S2 2) „ 2flg©Vdsl,V 
30 ds2©ttfc:#jS-rSSl^-\'*;U«Leff£, ^ft^ft, L 
el,Le2i:T?>i:, 5S(6)*>e>, -3¥©5S(10)<«»*»ft 

[0 0 8 4] 
G&2 4] 

(10) 

[0 0 8 7] SC(10)*»6, o£©sC : 
Le2/Lel= 1 +U1 • AVds/Lel ••••(el3) 
40 , #f#e>ft£. bfctfot, Le2-Lel©H&©fU>»3 
fc, Le2/Leltl / /Lel©gi^&^7 7{C*b, -e©H££ 

Avds=o.ivT-fosci:{c«fc!?, mm&m 
[0 0 8 8] mmffimmmzmm,?*'^ tb 

T, ^ft^fiVsatgr»mi-SK:tt, Vsati:Uli:©MC^ 
ffi1-So^©SC(ll)©g|^Sffl^StM^. 

[0 0 8 9] 

[#2 5] 

(11) 



(12) 
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[0 0 9 0] t"&fc>*K 01 4©7D — h&fn? 

ioc, if> mi 2t:ai^fc^)iinj&oT, mm&m 

&lUl£»ttSL Uf 'y7"S3 1) » o?(c. ftfctfi^ 

ttlb Uf'VT-S 3 2), 
T> «Hn»KVsatfcJ*ttl-*-Si:&lr>. 
[0 0 9 1] ffi«JM£»KUO*ffl^Sttfe!>C feSVg 
t©ffifC*5lt5^«lJS>u(Vgt)©fit$:ffl^T*)^V^o 0!*. 
Vgt=0.5V£:fcft3;i£»JJK,u©{fi£fflt , >T, o^© 

X : 

Vsat=>u(Vgt=0.5V)/(2 -Ul) ••••(el4) 

, *i:^T«^»KVsatS*ffll/t*&^. 

[0 0 9 2] &4b\ W±©iSSfiaWiSlS©»tBK:*jV>T 
ffl^e-ftSl^^^l/JILefffc^ XT77S5 (0 

1) ©4 J T-»tB£ft£'ftfc>*H-s Xr'VT'S 2CDf T% 

(C v &m&U (UO) &C-3V>T*k ^f'^S 5©cpT-afc 



22 



#*U/*. &j£1-£**tt»fcH£SM (02 4) B\ C©S 
[0 0 9 3] 2. ET^-^Cttffitjfibfc hv>^ 

*©*a. ET^-*©«w(cfflv^ftsH2 
©ft®sfemco^-ta>^s. 

[0 0 9 4] 2.1. LghLmh©M©{Se>-3^©DLtttJB^ 
©*§. ttDfefc, tt±Ast)fiLgi:v^^SLmi:©ra© 

Lgi:Lmh©F^©H©«?>-^^«i, xKU^Unv* 

[0 0 9 5] EI5#^Lfe<fc3lCs h^>i^*i, o 
£fflVSi:> ^-^^;U^>3— h — >^DL©ffliJ^fiiDL* 
«U o^©5£(12)T*-5-;l?>;fx3o 

[0 0 9 6] 

[12 6] 



DL*(V g t) = ( L mi-^L m o)(l-^) 



(12) 



[0 0 9 7] C Ct-> Ri' *5 iOTo' -€-ft-etv, h 5 
> v 5 ^ ^ i , o ©^:ffilnBtot©Vgslc <fc 5 tf & 

So 

[0 0 9 8] x-^^ftLm©«;t>!3^tt±* s !3*Lg 



DL (Vgt) 



= ( L8i "-R^ 



Lg o 



i:> o£©s£(13)#»e>ixS. 
[0 0 9 9] 



(13) 




[0 10 0] Lgofi, Lmo£:©^ALo£fflO-t, 30 [0 10 1] 

o¥©SC(14)Tf#;ie>*U Lgi«, Lmi£:©l|ALi$:ffll> [»2 8] 

t> -3£©s;(i5)"e#*.£fta. 

Lg o=Lmo4-ALo 

[0 10 2] [12 9] 

Lg i =Lm i +ALi 

[0 10 3] ^(12)~^(15)SrfflV>S t v DL*hDL** [0 10 4] 

©Utt, o^ffl5C(16)T*#x^nSo [13 0] 

■1 

AL 



(14) 
(15) 



DL*-DL**=-AL i + 



R i 



L i 

-AL i + AL 

Lo 



(16) 



[0 105] Li*i«ttFLo{4, *tl-?tl, h^> FSX-CQ-rtiZmisX^&o 

o©H^-h^T-feSo ALII O [0 10 6] 

?©5£(17)T--!j-;ts>;H£. -T^t)*., ALIt <±±#»5 [13 1] 

SLgtv^-J'ftLmiiOBB©^©, h^>^^^i, o© 

AL=ALo— AL i (17) 



(13) 



2 0 0 1-3 5 9 3 0 
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[0 10 7] SC(15)iJiVa;(16)tt, Lmi« LmoT-$>£ 

■5Cli:S:^UTV>2>o *LT, 5$(16)©£;2©Sf£ 211 
gyi£«UT^£. Lfe#oT, LefffC*l*tl3<J&DL 

L i 



Lo 



• lALK.r-Li 



Lmo> 



[0 1 0 9] Lo=lmftZt, S(18)*>?>, O^CD^ 

IALJ 
r 

[0 111] d©5S(l9)yu h vv^x^ocdt^*^ 
SCWS^MS. #J;t{;f< AL=0.1//m, r=0.02© 

Lrno>5^m 

[0 1 13] 2.2. ^•v^.;i/i|ig(D(S?>-D§'C0DLtta)^O 

©fcf £ o § (i, b ^ > * iz tut £ y ■< -)i Yfrmo 

Li 

Ri = -rTT- g+Rds 
Wi 

[0 116] d^T% Rifci^ b^^X^iC^ffiinRto 

9tlWg©^AW£, o?©^(22)T-#^S, 

AW=Wi-Wo 

[0 1 18] 5S;(22)5:ffl^i,i: N 5£(21)«:, o£©5£(2 
3)-C-S$tiS 0 



Ri = ' 



L i 



Li 



Wo+AW 



•g+Rds= 



[0120] mwtgizmm£i±?-*jf.jimiziti&i,te 

*;uftLi#, (1-AW/Wo) fg^^^fec 

AW 



L i 



Wo 



<r -Li 



[0 12 2] Wo=Wmo (b7>^o0^^ti) 

S(24)*^, -2^<D5t(25)#f# e>n5. 

AW 

Wmo> 

r 

[0 12 4] CI0D5S;(25)fc^ t^v^x*©?-**; 
CW&4^5. mZ.lt. AW=0.1 / mn, r=0.02©*§ 

Wtno>5um 

[0 1 2 6] 2.3. Rds©« ?>o£©DL«jiS^©&S. o 



24 



,?0 



[0 10 8] 
[&3 2] 

(18) 

[0 110] 
[&3 3] 

(19) 

[0 1 12] 
[»3 4] 

(20) 

[0 114] **\ ^»g^ffl^SCi:t<tf3, V-X 
• HW >J£trt^> -5^®SC(21)T*^-ro 
[0 115] 
[St3 5] 



(21) 



[0 117] 
[&3 6] 



[0 119] 
IBS 7] 



(22) 



/ AW \ 

V~ wT j 



Wo 



g+Rds (23) 



ifi-$Z.t>tlZt, PJALiCo^t, og : ©^(24)*5?K 

[0121] 
[&3 8] 



40 



[0 12 3] 
[&3 9] 



[0 12 5] 
[&4 0] 



(24) 



(26) 



50 



(26) 
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xmms. ku4 v-xmm mmmu^ ztm&i-zt, Bds©gi^AEdsBu si 5*t>fra>£ 

tr) SS, fc<fctt\ Fi/Oii (®£I2ifca£^rir) DD© J: -^©ie(27)fSnrc i:#-e#3o 
«?>o§{C«t-o-C4DS. [0 12 8] 

[0 12 7] **\ ^a5ffi*T»ds©Vgt^#14*s^lT-# [&4 1] 

ARds i =Rd s*— Rd s*% , L ', . ARds 

Lo— L i 

^-j^ARdsg ARds (27) 

Lo Lmo 



[0 1 2 9] fetch. AEdsfcfc, o#©S;(28)T*-^x. 6 i0 [0 13 0] 
n*. [«4 2] 

ARds=Rds i-Rdso (28) 

[0131] a»l/fcffl>t«ir*«4jt«)n«i:, ^£ [0132] 

©^(29)7fil$ns*f** J »fc**i«:<Ttt&?>«:V^. [»4 3] 

Lm i 

| ARds |<r -Rds i (29) 

Lmo 

[0 1 3 3] 5iC<29)*»&, oaf©5S(30)#W&ftS. »4 4] 

[0 13 4] 

1 |ARds| 

Lmo> • — — : • Lm i (30) 

r Rds i 



[0 l 3 5] ;r©s«30)fcfc, b^>^;**o©-tMXtc 

$iJPS^-¥^.-So #I/U^ Lmi = 0.2/zm, abs( AEds)/Eds 

i = L r =0.05©»-S-£fcfc, ftffiH< h7>y^^iffl 

ISft^'V^-n/fiStttB-rsfci&fcttx ^>^©^(3DT--¥ 
Lmo>4jum 

[0 13 7] fc*>\ W±©^{±, — v^^IJ: 
LT©^-v^;i/SO^* J M'5:S 2 <&il±©M0S h v > ^ 

*o&?--v*;i/S (v^^S) A 5 **© 

L, h^V^X^iS^-^^^S (v^^S) #ft/h© 

[0 13 8] 2.4. DWJftffi^O^S. ^-^^;i/^D— -f 

>^DW©ttm^Mto^T4), T-fr^l/S'a — h->^ 

AW 

Wmo> 

r 

[0 14 0] 



[0 14 1] ;;Tn Waoi5J:t>"Lmott, ^tl^ti, 5=" + 

*;ut§ (^^^*a) A 5 **© h^>^^^©v^^*i43 

S{±±* J 5*SWgi:v^<7tiWmi:©Rg©M©v ?-v*;mi 

# £(D?3X-<D-rtlZ-&Z>o ALII ft^;i/g 

©tt±#*5SLg©, (V^^*i) #g*©h 

3. 

[0 14 2J3. t&ffi^-*. CCT-tt, ±iELfc^i£ 
fCfc^-^TffiW^ftfcET^-^ffi^T, SPICE* 



[0 13 6] 
[»4 5] 

(31) 

DL©ttfcb^fc|5l«©MH^t>3:-=>o LfctfoT, DW 
©aHi^llSfF§fflt*}gS{c Wx. 3 fc»©*{*Bu Weff tc 

50 t:ffc-r£) rfcfflWl\ ^^©^(32)43«ty t ^(33)T-« 
Sic? ft'So 
[0 13 9] 
[»4 6] 

(32) 

[S4 7] 

(33) 

fcTjtSOt&IiE^-^i: LTffi^-TS. SPICE^t 1 ;!/©^* 
— i?3>thX, BSIM3V3. 1(Y. Cheng et al.," BSIM3v 
3 Manual (Final Version)," Dec. ^a)* 1 ^;**!, S 
PICB^^— *U0, Lint, Wint, TthO,Vsat, Bdsw#ffl 

v>e>nto z-tihwrt?*— ^fct, -en-en, &i&jg 

DW, KHdlSEEVth, fl&Rl&KVsat, *5,fctf, ^SBffiitRds 
50 [0143] &lb&jutiU y- h^M0X©P$Tox*s 



(15) 
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CHUT, l**<tV2«©»»*^b««UA,UBy:« 

-*Lint, Wint^ff bjitf>£ft£o 
[0 14 4] MfiSaffiVthfcMUTtt^ cfc 

hOCD*##*Snfeo Ctltt* ^v*— *VthO#, J0 

*;i/JU3 J:tF^ t*;i/iffilB*o h 5 > ^ x * ©■« 

«£Evthfc*rns-rs*»6-e*5o m&mm^mm, 

^Vsat^*fbT> Vsat=U0/(2 • Ul)hLT#iS 
£ftfco V-X • Kl"f >i&t7h<D^<i TXtkftmtWlE 

[0 14 5] ^©^iSttx ft«Wtt*»»^^^ (^ 

Lint, Wint, VthO, UO, Rds, Vsat£, 

<Z)T*&£o ^Lint, Wint, VtMHCOVvtBu 

*U0, Rds, VsattCOl>Tfc£> t 1 ^ hT*;Ufl[*s, ^%<D 
5£(el5): 

/ (5^ WW ^rcDETr- #<2>fg) ••••(el5), 
[ 0 1 4 6 ] EI 1 6 ~0 1 9 fcfc> ®6&>> ^ ^ l/ — a > 50 

W = 21.6//m, *5<fcO^ ^^^;i/SL=0.18//mCDNM0Sh 
7>v^X^ (n^^^;i/SMOSFET) £#UTV^So 121 

EP) ¥juv3-yyizttir&i/^3-l<— isBXDlg 

[0 14 7] CtUC*tUT> Ell 8*5cttr0 1 9tt, ^ 

^X h^y Xfc^>f W;i/f7 7'©ETr-^(Di^ 
/^p<-*Lint, Wint, VthO, UO, Rds, VsattCfiSfeS 

— >a><3D*g« (fflSI) kSfNltV^p il8i5<t^ 

CJpf-rsM^e*^, l-2%tD¥±9mS5r*>^T> tt 

[0 14 8] ^**;i/;S©Sfc®^NMOSh^>yx* 
(ya-h h^>^X*) ©KU-f > • V-X|fl|«»tld 
sCH^ISSStSCtt^ *Vsat©tt&o 50 



Sft^arii&H****. NM0Sr-5>^X*tt, PMOSh 

>«*©»«*a»t»v^A»&-eftao H2o«tvH2 1 

tt, Vds = Vgs = 1.8VT\ StR/W^X«ffiVbs=0T*& 
3£&CDNM0Sh^>^X*<D KU-f > • V-XffflSSSId 

mmm mm) t<Dm<Dm&*7jk-r?^7T*$>z>o 

[0 1 4 9] 0 2 0 <£>:> I J- U — Z/B >T*ii. >^ * — 
#DL, DW, VthOKfctLT©^ < fiS* 5 ^ 

£ft> ffe©^^^— *U0, Rds, VsatCfctbTHU ^-f 

(i N v^^-^DL, DW, VthOCD^rids****^**^ 
-fX (characterize) VsatCDif £o#«:%JiLi*ft 

^DL, DW, VthO,UO, Rds, VsatCD^Tfc: ct 
Ids#3r^^* 9>f X£*U Vsat<£«£o£fc#/it£ 

[0 15 0] K W > • V--XlH«8fEIds<3D«5>ogtC 
»bTVsat3&s*J«*ttav^Hu#CD»^«cH:, HI2 0©a 

§0 K W > • V—Xfffl«»Uds<z>«& 

oStcWUTVsat* 5 ****!*:^*©*^^:^ El 2 1 

HCi£V>o El 2 0*5^0 2 ltt> Kl/ 

^> • V— XM«8iEIds©«f &oSlc*fUTVSAW%|« 

[0 1 5 1] 4. 7-^h/^h J tr'J>y. 

5„ X^^XS 4 1 C*^T % ETr- *D 

L, DW, Vth, Rds, //, Vsat^rtmsna. ETf-^ 

T> a»fflOtttf»&tl5. o?^, X^^XS4 2^ 

^Lint, Wint, VthO, Rdsw, UO, Vsat^x h *T/iB^5 (t 5> ti 

[0 15 2] fCDt, /;f^7 , S4 3t-(t KW>- 
V-XHI«aEIdsftBW*»i:UT^ /^^-^Lint, W 
int, VthO, Rdsw, UO, Vsat^£j?E###f #^fir£*l 

*«6T?*5h *^i6S© 
J&ffl©*»"ettx ^©^JSE^Wtf, /^^-^Lint, 
Wint, VthO, Rdsw, UO, Vsat£*f UTSffl? tls *tlh 



(16) 

29 

[0 15 3]^<^T'>7S4 4fli, tt£*ftfc** 

LT*>^*;uoth#*s^T$ns. sift* 

ffl^£>,li:{c < fc!3s ffl^ifc^^bT. M*.ttIEft&* 

*Lint, Wint, VthO, Rdsw, UO, Vsat#»m£*l£>o "T 

[ 0 1 5 4 ] d «XtC <fc 9 s Xr , )'7S4 ETr /0 

«fc t> tittSO'lC^V^fHRCDSR^C^f-r fcAt?*— *Lin 
t, Wint, VthO, Rdsw, UO, Vsat©B#, «MW^f#?> 

mil gf$^g&i: bTCDIds'NCD^gA^g^/IItOlM 

fg 1 3 ^j^^s ^>^#;up§t»©*f^i:b-tfc 

[0 15 5]o?ffl^ry7 , S4 5m ^r-y7'S4 
4f«?tlife«fl < ]^^/-i'C)lD^t, @SS®^ 

fcfc, FN > • V-^HSaifitldsffl^HJ&ifs ^©fcf 
<£> o § £#Jt b tz&Vtr- * * s t# e> n S = 
[0 15 6] b^jtJ»OXffl*^i^>XCoxCH 

JP^Toxtt-Jgi: LT, «$ToxCDSe>ogCD^ 30 

*au fa«wi!)jeuo©is?)^§©^{cwbji»?»nT 
&&<^* s s a»Cx ^i&jg^ti-^fiSfcb-r^ ^©{£e>o 
§* s *$Tox©{se>o#{cff uii«)^n-r*<tv->„ &-t? 

&e>> »*Twi:fi«|f»»KU0i:CD|HUcH:, S^fBH 
A s #ffi-r-5A^T*$)i)o HI 2 3 {is ®J^{C«t-pTf^P>tl 
fc. *-WV>*>*Cox (=£Ox/Tox) £i&W,R&W)& 

[oi5 7]5. «ptt»m«B*«trmttW<ffi«B 

[0 1 5 8] 5.1. ETt- *»ttiSB. 0 2 4 (±, # 
0T-&S. ^ffllfl0 0l±« 1. ~2. T*3il<^fc^?S 

7>S^*©1$fl:£»J:£*5. fft»SB2 7(1 
K$)S^ttv^^^i:'$:^-rSA^ge2 OSICtA* 

^HgBtc^fbt. *ft&a*ws©iHfrT?BW£-rs.fc-5S!i so 
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T, BrS£©*Jn?*5£*fr5. 

[0 15 9] 0 2 4*>£>02 9*T*©^D y^0 

ftaSbTi^*. fifJxJi. ri-v^-^j CM-**xfe* 

i-v^-^^m^-rsff^^n^^b. 

*l£3tb-CV>-5o 
[0 16 0] »tJSI2 8#»&ilSr-*lt »J»SB 
2 7 £31 bTs VthtttBSB 2 1, DL • Rds • f IfcttJgB 2 

2, owai±ia52 3, < aaaia5 2 4, vsattttBSu 

2 5'N«l&3ft4. VthtttHS52 ltt N 8l«CJ:oT» 
e>*ifcIds-Vgs1*|tCt>i:-3v^TWtt«EVthftttai-r 
So DL - Rds - f «W»2 2 tt, VthtttBSB2 lfttffi£ 
ft&HfitWEVth, *3ctt>\ Ids-Vgs«fttlct»i:t3v^T^ 
^^^-;U^>3- b->^DU ^SBiSifiRdSs *J<tV, 
*f DW»aSB2 3HU MBBEEVtlu *5<t 

Z>\ Ids-Vgs*Rftttc4>i:^t\ * >£T> 

W^ttfcHt-So 

[0161] ^taUlSB 2 4 fciu DL • Rds • f «affl$ 2 2 

■c»nj?nfc«»f. Dwama5 2 3f»tu^n 

tiit&o £<olC, VsattttiJ£l5 2 5 «U DL • Rds • fttffl 
g&2 ZT-JfttB^flfc^-V^^^a— h->2T>L, 

t>\ //«ma52 4T*ttffi£ftfc^»jg/z{cfch-3^Ts 
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